Iterated Back Projection Based Super-Resolution for Iris Feature Extraction  by Deshpande, Anand et al.
 Procedia Computer Science  48 ( 2015 )  269 – 275 
Available online at www.sciencedirect.com
1877-0509 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of scientific committee of International Conference on Computer, Communication and Convergence (ICCC 2015)
doi: 10.1016/j.procs.2015.04.181 
ScienceDirect
,QWHUQDWLRQDO&RQIHUHQFHRQ,QWHOOLJHQW&RPSXWLQJ&RPPXQLFDWLRQ	&RQYHUJHQFH
,&&&
&RQIHUHQFH2UJDQL]HGE\,QWHUVFLHQFH,QVWLWXWHRI0DQDJHPHQWDQG7HFKQRORJ\
%KXEDQHVZDU2GLVKD,QGLD
,WHUDWHG%DFN3URMHFWLRQ%DVHG6XSHU5HVROXWLRQIRU,ULV)HDWXUH
([WUDFWLRQ

$QDQG'HVKSDQGHD3UDVKDQW33DWDYDUGKDQEDQG'+5DRF
  
D5HVHDUFK6FKRODU'HSDUWPHQWRI(	&(QJJ*RJWH,QVWLWXWHRI7HFKQRORJ\%HOJDXP,QGLD$VVRFLDWH3URIHVVRU'HSDUWPHQWRI(	&(QJJ
$QJDGL,QVWLWXWHRI7HFKQRORJ\DQG0DQDJHPHQW%HOJDXP,QGLD
(PDLOGHVKSDQGHDQDQGE#JPDLOFRP
E3URIHVVRU'HSDUWPHQWRI(	&(QJJ*RJWH,QVWLWXWHRI7HFKQRORJ\%HOJDXP,QGLD
F3URIHVVRU'HSDUWPHQWRI3*VWXGLHV9LVYHVYDUD\D7HFKQRORJLFDO8QLYHUVLW\%HOJDXP,QGLD
Abstract
,Q WKLV SDSHU ,WHUDWHG %DFN 3URMHFWLRQ DQG PHGLDQ HVWLPDWRUV VXSHUUHVROXWLRQ DOJRULWKPV DUH LPSOHPHQWHG WR LQFUHDVH WKH
UHVROXWLRQRI ORZUHVROXWLRQ /5 LULV LPDJHV7KHVH WZRDOJRULWKPVDUHDQDO\VHGE\H[WUDFWLQJ WKH*UD\/HYHO&RRFFXUUHQFH
0DWUL[ */&0 IHDWXUHV RI VXSHU UHVROXWH LULV LPDJHV 7KH*/&0 IHDWXUHV RI VXSHUUHVROXWH LULV LPDJHV DUH FRPSDUHGZLWK
*/&0IHDWXUHVRIRULJLQDOLULV LPDJHV7KHTXDOLW\RIUHVROXWLRQRIHQKDQFHGLPDJHLVPHDVXUHGXVLQJGLIIHUHQWLPDJHTXDOLW\
PHDVXUHV,WKDVEHHQVHHQWKDWWKH*/&0IHDWXUHVRIUHFRQVWUXFWHGLPDJHVXVLQJDERYHDOJRULWKPVPDWFKHVZLWKWKDWRIRULJLQDO
LULVLPDJHDQGDOVRWKHTXDOLW\RIHQKDQFHGLPDJHUHPDLQVVDPH
 
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
,QWHUQDWLRQDO&RQIHUHQFHRQ,QWHOOLJHQW&RPSXWLQJ&RPPXQLFDWLRQ	&RQYHUJHQFH,&&&

.H\ZRUGV6XSHUUHVROXWLRQ,ULV,%35REXVW4XDOLW\0HDVXUHV*/&0
1. Introduction 
7KH LULV UHFRJQLWLRQ SOD\V VLJQLILFDQW UROH LV PDQ\ DSSOLFDWLRQV LQ WKH ILHOG RI VHFXULW\ ERUGHU FRQWURO
VXUYHLOODQFHHWF6LJQLILFDQWDPRXQWRIUHVHDUFKZRUNLVEHLQJGRQHIRULGHQWLI\LQJWKHSHUVRQE\XVLQJUHFRJQL]LQJ
WKHLULV1RZWKHUHLVDGHPDQGIRUUHFRJQL]LQJWKHLULVLPDJHFDSWXUHGDWDORQJGLVWDQFH$ORWRIUHVHDUFKKDVEHHQ
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JRLQJRQ WR UHFRJQL]H WKH LULV DW DGLVWDQFHPRUH WKDQPHWHU FDOOHGDV/RQJ5DJH ,ULV5HFRJQLWLRQ7KHPDMRU
SUREOHPV LQ UHFRJQL]LQJ WKH LULV DW DGLVWDQFHDUH ORZ UHVROXWLRQDQG LOOXPLQDWLRQQRLVHZKLFKGHFUHDVHV WKH LULV
UHFRJQLWLRQVXFFHVVUDWH

&RUUHVSRQGLQJDXWKRU$QDQG'HVKSDQGH
(PDLO$GGUHVVGHVKSDQGHDQDQGE#JPDLOFRP
7KHVH SUREOHPV FDQ EH RYHUFRPH E\ XVLQJ 6XSHUUHVROXWLRQ WHFKQLTXH  ZKLFK HQKDQFHV WKH UHVROXWLRQ E\
UHFRQVWUXFWLQJ ORVW KLJK IUHTXHQF\ LQIRUPDWLRQ 7KH VKRUW UDQJH FDSWXUHG LULV LPDJHV DUH XVHG WR DQDO\VHV WKH
SHUIRUPDQFH RI ,%3 DQG UREXVW DOJRULWKP ,Q WKLV SDSHU WKH SHUIRUPDQFH DQDO\VHV RI ,%3 DQG 5REXVW VXSHU
UHVROXWLRQDOJRULWKPVIRULULVIHDWXUHLVFDUULHGRXWE\H[WUDFWLQJWKH*/&0IHDWXUHVORZUHVROXWLRQLULVLPDJHDQG
*/&0IHDWXUHVRIWKHVXSHUUHVROXWHLULVLPDJH
 
6HFWLRQGLVFXVVHV WKH OLWHUDWXUH VXUYH\7KH VXSHUUHVROXWLRQ DOJRULWKP ,WHUDWHG%DFN3URMHFWLRQ DQG5REXVW
DOJRULWKPVDUHGLVFXVVHGLQVHFWLRQ7KHUHVXOWDQGFRQFOXVLRQDUHGLVFXVVHGLQVHFWLRQDQG
2. Literature Survey 
7KHVXSHUUHVROXWLRQWHFKQLTXHVWRUHFRQVWUXFW ORZUHVROXWLRQLULVIUDPHVFDSWXUHGDWGLVWDQFHDURXQGWKUHHIHHW
DUHGLVFXVVHGE\)DOP\7KH+5LPDJHVDUHUHFRQVWUXFWHGEDVHGRQDXWRUHJUHVVLYHPRGHOEHWZHHQVXFFHVVLYH/5LQ
ILOOLQJWKHVXESL[HOVLQWKHFRQVWUXFWHG+5LPDJHV,PDJHGHEOXUULQJXVHIXOLQOHVVLQWUXVLYHLULVFDSWXUHV\VWHPV
KDYHEHHQSURSRVHGWRH[WHQGWKHHIIHFWLYHUDQJHIRULULVFDSWXUH -LDQFKDR<DQJHWDOSURSRVHVDPHWKRG
VSDUVHVLJQDOUHSUHVHQWDWLRQEDVHGVXSHUUHVROXWLRQ7KRPDV.RKOHUSURSRVHVDIUDPHZRUNLQZKLFKPXOWLSOHORZ
UHVROXWLRQ YLGHR IUDPHV LQ UHWLQDO IXQGXV LPDJLQJ DUH XVHG WR UHFRQVWUXFW KLJKUHVROXWLRQ IXQGXV LPDJHV & 7
'DQJSURSRVHGDQRYHODSSURDFKLQZKLFKVLQJOHLPDJHUHFRQVWUXFWLRQLVEDVHGRQOLQHDUGLYHUVHDSSUR[LPDWLRQRI
WKHKLJKUHVROXWLRQLPDJHSDWFKVSDFH
3. Super-Resolution Algorithms 
6XSHUUHVROXWLRQ 65 LV DQ LPDJH SURFHVVLQJ PHWKRG WKDW OHDUQV RU UHFRQVWUXFWV PLVVLQJ KLJKIUHTXHQF\
LQIRUPDWLRQLQRUGHUWRLQFUHDVHWKHUHVROXWLRQRIDQLPDJLQJV\VWHP,WLVSRVVLEOHWRUHFRQVWUXFWWKHRULJLQDOLPDJH
E\FKRRVLQJDPDJQLILFDWLRQIDFWRU/IRUWKHGHVLUHGKLJKUHVROXWLRQ+5LPDJHZKHUH/UHSUHVHQWVUDWLRRIKLJK
UHVROXWLRQLPDJHWRORZUHVROXWLRQ/5LPDJH7KHYDOXHRIWKHPDJQLILFDWLRQIDFWRUZLOOGHSHQGRQWKHQXPEHURI
QRQUHGXQGDQW/5LPDJHVWKDWDUHDYDLODEOH(TXDWLRQVKRZVREVHUYDWLRQPRGHOWKDWUHODWHVWKHRULJLQDO WR+5
LPDJH

ZKHUH'LVDGRZQVDPSOLQJRSHUDWRU%NFRQWDLQVWKHEOXUIRUWKHNWK/5LPDJH0NKROGVWKHPRWLRQLQIRUPDWLRQ
WKDW WUDQVIRUPV WKH NWK /5 LPDJH RQWR WKH+5 LPDJH ODWWLFH DQG1N LV WKH QRLVH LQ WKH NWK /5 LPDJH7KH /5
LPDJHVDQG+5LPDJH FRQVLVWVRI DQG SL[HOVUHVSHFWLYHO\ZKHUHWKHLQWHJHU LVWKHIDFWRURIHQKDQFH
LQ UHVROXWLRQ DQG DUH DUUDQJHG DV DQG YHFWRUV UHVSHFWLYHO\7KH HIIHFWV RI EOXUULQJZDUSLQJ 
DQGGRZQVDPSOLQJFDQEHFRPELQHG LQWRD VLQJOH V\VWHP PDWUL[ZKHUHHDFK URZ LQPDWUL[ 
PDSVWKHSL[HOVLQWKH+5LPDJHWR RQHSL[HOLQWKH/5LPDJH 7KHHTXDWLRQFDQEHZULWWHQDV
 
*LYHQHTXDWLRQWKHVXSHUUHVROXWLRQSUREOHPLVWRILQGDQDSSUR[LPDWLRQRIWKH+5LPDJH IURPWKHVHWRI/5
LPDJHV XVLQJ SULRU LQIRUPDWLRQ DERXW ZDUSLQJPDWUL[ JHQHUDWHG E\ WKHPRWLRQ YHFWRU  DQG  ,ULV
LPDJHUHVROXWLRQLVHQKDQFHGE\XVLQJ,WHUDWHG%DFN3URMHFWLRQDQGPHGLDQHVWLPDWRUVDOJRULWKPVDUHGLVFXVVHGDV
EHORZ
3.1 Iterated Back Projection
7KHLWHUDWHGEDFNSURMHFWLRQDOJRULWKPLVGLVFXVVHGDVEHORZ
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7KH +5 LPDJH LV HVWLPDWHG E\ EDFN SURMHFWLQJ WKH GLIIHUHQFH EHWZHHQ VLPXODWHG /5 LPDJHV DQG WKH
REVHUYHG/5LPDJHV ,QLWLDOO\ WKH/5LQSXWLPDJHVDUHXVHGWRJHQHUDWHWKH+5LPDJHE\GHFLPDWLQJWKH
SL[HOV
'XULQJ LWHUDWLRQ WKH KLJK UHVROXWLRQ DSSUR[LPDWLRQ LV UHVDPSOHG LQ WKH JULGV RI WKH LQSXW LPDJHV 7KH
GLIIHUHQFHHUURUEHWZHHQWKHLQSXWLPDJHDQGUHVDPSOHGLPDJHSURMHFWHGEDFNWRWKHKLJKUHVROXWLRQJULG
&KHFNWKHHQHUJ\RIWKHHUURU
5HSHDWDERYHVWHSV LWHUDWLYHO\XQWLO WKHHQHUJ\RI WKHHUURU LVPLQLPXPRUXQWLO WKHPD[LPXPQXPEHURI
DOORZHGLWHUDWLRQLVUHDFKHG
7KH GRZQVDPSOLQJ SURFHGXUH GHFUHDVHV WKH VDPSOLQJ IUHTXHQF\ ZKLFK JHQHUDWHV GLVWRUWLRQ LQ KLJK
IUHTXHQF\ FRPSRQHQWV DQG WKH DOLDVLQJ SUREOHP7R RYHUFRPH WKLV+5 LPDJH LV ILOWHUHGXVLQJ*DXVVLDQ
ILOWHU
7KLVPHWKRGLVH[SUHVVHGPDWKHPDWLFDOO\DVEHORZ
    
ZKHUH
 
+HUH
LV65LPDJHUHVXOWLQJIURP LWHUDWLRQ
LV65LPDJHLQWKH LWHUDWLRQ
*UDGLHQWVWHS
7KHLULVLPDJHVDUHVXSHUUHVROXWHGWRGLIIHUHQWUHVROXWLRQDQGWKHIHDWXUHVDUHH[WUDFWHGWRFRPSDUHZLWKIHDWXUHVRI
RULJLQDOLPDJH
3.2 Robust Super-Resolution 
'LIIHUHQWRXWOLHUVOLNHSDUDOOD[PRYLQJREMHFWVHWFGXULQJFDSWXUHRIDQLPDJH7KHVHRXWOLHUVDUHLQFRQVLVWHQW
ZLWKDQLPDJLQJPRGHO7KHUREXVWVXSHUUHVROXWLRQDOJRULWKPILOWHUVRXWVXFKRXWOLHUVDWDORZFRPSXWDWLRQDOFRVW
7REULQJLQUREXVWQHVVLQWRWKHSURFHVVHTXDWLRQLVPRGLILHGZLWKDVFDOHGSL[HOZLVHPHGLDQ

7KLVPHWKRGLVXVHGWRVXSHUUHVROXWHWKHLPDJHVFDSWXUHGXVLQJORZUHVROXWLRQFDPHUDV
3.3  GLCM Feature Extraction 
7H[WXUH FDQ EH FRQVLGHUHG D VXUIDFH SURSHUW\ RI HYHU\ REMHFW ,W FDQ EH FRQVLGHUHG DV ³RUJDQL]HG DUHD
SKHQRPHQD´ ,W LV YHU\ GLIILFXOW WR GHVFULEH D WH[WXUH GXH LWV KLJK YDULDWLRQ 7KH */&0   LV D PHWKRG RI
H[WUDFWLQJVWDWLVWLFDOWH[WXUHIHDWXUHVRIVHFRQGRUGHU 7KHIUHTXHQF\LQZKLFKSDLUVRISL[HOVZLWKVSHFLILFYDOXHV
DQGLQDVSHFLILHGVSDWLDOUHODWLRQVKLSRFFXULQDQLPDJHLVSXWLQDPDWUL[DQGVWDWLVWLFDOIHDWXUHVDUHH[WUDFWHGIURP
WKLVPDWUL[7KLVFDOFXODWLRQJLYHVWKHIXQFWLRQZKLFKFKDUDFWHUL]HVWKHWH[WXUHRIDQLPDJH7KHQXPEHURIURZVDQG
FROXPQVLQWKHPDWUL[LVHTXDOWRWKHQXPEHURIJUD\OHYHOV*LQWKHLPDJH7KHPDWUL[HOHPHQW LVHQWU\LQ
WKHQRUPDOL]HGJUD\WRQHVSDWLDOGHSHQGHQFHPDWUL[7KH\DUHDVEHORZ
Contrast 
  
ZKHUHQVWDQGVIRUWKHQXPEHURIGLVWLQFWJUD\OHYHOVLQWKHTXDQWL]HGLPDJH,WJLYHVWKHDPRXQWRIORFDOFKDQJHVLQ
WKHLPDJH
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Inverse Difference Moment: 

,WFRXQWVLPDJHKRPRJHQHLW\E\DVVXPLQJKLJKHUYDOXHVIRUPLQLPXPJUD\WRQHGLIIHUHQFHVLQHOHPHQWV

Entropy 

7KLVJLYHVWKHGLVRUGHURUFRPSOH[LW\RIDQLPDJH
Correlation 
 
ZKHUH DUHWKHPHDQVDQGVWDQGDUGGHYLDWLRQVRI3,WJLYHVJUD\OHYHOOLQHDUGHSHQGHQFHEHWZHHQWKH
SL[HOVDWWKHVSHFLILHGSRVLWLRQVUHODWLYHWRHDFKRWKHU
Energy 
 
,WJLYHVLQIRUPDWLRQRIUHSHWLWLRQVRISL[HOSDLUV
Autocorrelation 
 
7KLVIHDWXUHWHOOVDERXWWKHVL]HRIWKHWRQDOSULPLWLYHV
7KHLPDJHTXDOLW\LVPHDVXUHGE\XVLQJEHORZLPDJHTXDOLW\PHDVXUHVIRUDGLVWRUWHGLPDJHZLWKUHIHUHQFHWR
DQRULJLQDOLPDJH
Mean Square Error (MSE) 
0HDQ VTXDUHG HUURU 06( PHDVXUHV WKH DYHUDJH RI WKH VTXDUHV HUURUV EHWZHHQ RULJLQDO LPDJH , DQG
UHFRQVWUXFWHGLPDJH.
  
Peak Signal to Noise Ratio  
3615LVORJDULWKPLFUDWLRRIPD[LPXPSRVVLEOHSL[HOYDOXHRIWKHLPDJHWR06(
  
Normalized Correlation (NC) 
7KH FRUUHODWLRQ IXQFWLRQ TXDQWLILHV FORVHQHVV EHWZHHQ WZR LPDJHV DQG LW FDQ EH FDOFXODWHG E\ XVLQJ
HTXDWLRQ
   
Mean Difference 
7KLVLVDQDYHUDJHRIGLIIHUHQFHRIWZRLPDJHV

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  
Maximum Difference (MD) 
 
Normalized Absolute Error (NAE) 
7KLVPHDVXUHVWKHGLVWDQFHEHWZHHQRULJLQDOLPDJHDQGUHFRQVWUXFWHGLPDJH
  
4.   Result 
7KHUHVROXWLRQRILULVLPDJHLVHQKDQFHGE\XVLQJWZRGLIIHUHQWVXSHUUHVROXWLRQDOJRULWKPVYL],%3DQG0HGLDQ
EDVHGHVWLPDWRUV 5REXVW&$6,$ LULV LPDJHGDWDEDVH LVXVHG WR DQDO\VH WKHSHUIRUPDQFHRI DERYH LPSOHPHQWHG
DOJRULWKPV 7KH UHVROXWLRQ RI WKH LPDJH LV DQG UHVROXWLRQ DIWHU VXSHUUHVROXWLRQ LV   7ZR
GLIIHUHQWLULVLPDJHVDUHUHFRQVWUXFWHGXVLQJ,%3DQGUREXVWDOJRULWKPVDUHVKRZQLQILJDQGILJ
,ULV
Original IBP Robust

 
Fig.1. Result of Iris Image No.1 
7KH*/&0IHDWXUHVRILULVLPDJHQRDUHDVVKRZQLQ7DEOH
Table 1. Comparison of GLCM features original image and super-resolute image 
*/&0)HDWXUHV 2ULJLQDO ,%3 ,%3B(UURU 5REXVW 5REXVWB(UURU
$XWRFRUUHODWLRQ     
&RQWUDVW     
&RUUHODWLRQ     
(QHUJ\     
(QWURS\     
+RPRJHQHLW\     

7KH ,%3B(UURU LV WKH GLIIHUHQFH EHWZHHQ IHDWXUHV RI RULJLQDO LPDJH DQG UHVROXWLRQ HQKDQFHG LPDJHV XVLQJ ,%3
DOJRULWKP6LPLODUO\WKH5REXVWB(UURULVWKHGLIIHUHQFHEHWZHHQIHDWXUHVRIRULJLQDOLPDJHDQGUHVROXWLRQHQKDQFHG
LPDJHVXVLQJUREXVWDOJRULWKP7KHLPDJHTXDOLW\PHDVXUHVRIUHFRQVWUXFWHGLULVLPDJHQRLVDVVKRZQLQ7DEOH
Table 2. Image quality measures 
4XDOLW\0HDVXUHV ,%3 5REXVW
0HDQ6TXDUH(UURU  
3HDN6LJQDOWR1RLVH5DWLR  
1RUPDOL]HG&RUUHODWLRQ  
$YHUDJH'LIIHUHQFH  
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0D[LPXP'LIIHUHQFH  
1RUPDOL]HG$EVROXWH(UURU  

,ULV
Original IBP Robust

 
Fig.3. Result of Iris image No.2 
7KH*/&0IHDWXUHVRILULVLPDJHQRDUHDVVKRZQLQ7DEOH

Table 3. Comparison of GLCM features original image and super-resolute image 
*/&0)HDWXUHV 2ULJLQDO ,%3 ,%3B(UURU 5REXVW 5REXVWB(UURU
$XWRFRUUHODWLRQ     
&RQWUDVW     
&RUUHODWLRQ     
(QHUJ\     
(QWURS\     
+RPRJHQHLW\     

,PDJHTXDOLW\PHDVXUHVRILULVQRLVVKRZQLQ7DEOH
Table 4. Image quality measures 
4XDOLW\0HDVXUHV ,%3 5REXVW
0HDQ6TXDUH(UURU  
3HDN6LJQDOWR1RLVH5DWLR  
1RUPDOL]HG&RUUHODWLRQ  
$YHUDJH'LIIHUHQFH  
0D[LPXP'LIIHUHQFH  
1RUPDOL]HG$EVROXWH(UURU  

,ULVLPDJHHQWURS\LVKLJKDVWKHLULVVWUXFWXUHLVFRPSOH[LQQDWXUH7KHHQWURS\RIUHFRQVWUXFWHGLPDJHXVLQJ,%3
DQG5REXVWPHWKRGLVVKRZVWKHFRPSOH[VWUXFWXUHVLPLODUWRRULJLQDOLULVVWUXFWXUH,WVKRZVWKDW,%3DQG5REXVW
PHWKRGV GR QRW PXFK DIIHFW WKH LULV VWUXFWXUH ,W KDV EHHQ REVHUYHG WKDW WKH HQHUJ\ RI UHFRQVWUXFWHG LPDJHV LV
LQYHUVHO\ FRUUHODWHG WR HQWURS\ 7KH UHFRQVWUXFWHG LPDJH SL[HOV XVLQJ ,%3 PHWKRG KDYH EHWWHU JUD\ OHYHO OLQHDU
GHSHQGHQFHFRPSDUHG WR WKDWRIXVLQJUREXVW 7KHFRQWUDVWDQGKRPRJHQHLW\DUH LQYHUVHO\FRUUHODWHG LQ WHUPVRI
HTXLYDOHQWGLVWULEXWLRQLQWKHSL[HOSDLUVSRSXODWLRQ7KHKRPRJHQHLW\LVGHFUHDVLQJDVLQFUHDVHLQFRQWUDVW
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5. Conclusion and future work 
7KH LPSOHPHQWDWLRQ DQGSHUIRUPDQFH DQDO\VHV RI ,%3 DQG UREXVW VXSHUUHVROXWLRQ DOJRULWKPV DUH GLVFXVVHG LQ
WKLV SDSHU 7KH */&0 IHDWXUHV RI UHFRQVWUXFWHG LPDJHV DUH FRPSDUHG ZLWK WKH IHDWXUHV RI RULJLQDO LPDJH 7KH
IHDWXUHVRIHQKDQFHGLULVLPDJHFORVHO\PDWFKZLWKWKHIHDWXUHVRIRULJLQDOLPDJH7KHUHLVDQHJOLJLEOHDPRXQWRI
ORVVRILQIRUPDWLRQDIWHUHQKDQFLQJWKHUHVROXWLRQ7KHGLIIHUHQWTXDOLW\PHDVXUHVDUHFRPSDUHGDQGVKRZWKDWWKH
TXDOLW\RIWKHLPDJHVUHPDLQVVDPHDIWHUHQKDQFLQJWKHUHVROXWLRQE\XVLQJ,%3DQGUREXVWDOJRULWKP7KLVVKRZV
WKDWDIWHUHQKDQFLQJWKHUHVROXWLRQRI LULV LPDJH WKHTXDOLW\RIHQKDQFHGLPDJHDQGWH[WXUHSURSHUW\RI WKHLPDJH
UHPDLQVVDPH,QIXWXUHWKHVXSHUUHVROXWLRQRILULVLPDJHVXVLQJ,%3DQGUREXVWDOJRULWKPFDQEHIXUWKHUH[WHQGHG
IRUHQKDQFLQJWKHUHVROXWLRQRIQRUPDOLVHGLULVLPDJHVFDSWXUHGDWDORQJGLVWDQFH

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